) were used to infect experimentally third instar larvae of Triatoma infestans. Three variables were considered: (i) percentage of infected insects; (ii) number of flagellates per insect (NFI); and (iii) percentage of metacyclic trypomastigotes per insect. Differences between the genotypes under study for all parameters considered were detected. These differences were statistically significant (P Ͻ 10 Ϫ3 ), except between the 39 and 32 clonal genotypes for the NFI parameter.
INTRODUCTION
The correlation coefficient between the genetic distance and the biological parameters determined by the nonparametric Mantel's test was strongly significant (P Ͻ 10 Ϫ4 Tibayrenc and Ayala 1988) , pathogenic properties at about 26-27ЊC, 65-70% relative humidity, and allowed to feed on (Miles et al. 1981) , kinetoplast DNA restriction fragment chickens every 3 weeks. The insects originate from an outbred colony polymorphism (Morel et al. 1980) , and random amplified with individuals coming from Chile, Uruguay, and Brazil. The insects polymorphic DNA (RAPD) (Steindel et al. 1993 ; Tibayrenc were exposed to infection by using middle-log phase cultures forms from LIT medium, at 28ЊC in an artificial xenodiagnosis device through et al. 1993). latex membranes. Eight milliliters of parasite suspension in citrated Population genetic analyses have shown that T. cruzi has mice blood, at the final concentration of 5.0 ϫ 10 5 cells/ml, was used.
a typical clonal population structure (Tibayrenc et al. 1986;  The system was maintained at 37ЊC and continuously homogenized Tibayrenc and Ayala 1988) . Among the natural clones eviwith a magnetic stir bar. Only engorged insects were considered.
denced by genetic markers, some are widespread and much
For parasite quantification, 30 days later, the whole digestive tube was removed and gently ground in 0.6-ml Eppendorf tubes containing more frequently sampled than others. They have been 10 l of phosphate-buffered saline (PBS, pH 7.2). The suspension was named: "major clones" ( The present work aims at exploring the hypothesis that tubes were kept at 28ЊC and weekly examined for the presence of T. cruzi clonal diversity has an impact on its transmissibility flagellates. The clonal genotype of these isolates was verified by isoenthrough insect vectors. More specifically, as for previous zymes. Cellulose acetate electrophoresis was performed under condiexperimental studies ((Laurent et al. 1997; Revollo et al. in tions previously described (Ben Abderrazak et al. 1993) . Five enzyme systems were assayed: phosphoglucose isomerase (EC 5.3.1.9, PGI); press), the working hypothesis proposed here is that T. cruzi Table I ). At least 30 insects were exposed to each stock. A total (1) Parasites. The same standardized sample used for previous of 620 engorged insects was considered. The reduced deviation test experimental studies (Laurent et al. 1997; Revollo et al. in press) has (SAS Program, version 5-06) was used to compare the parameters been used. All stocks have been fully characterized by both MLEE between the three categories of clonal genotypes (19/20, 32, and 39) . with 22 different genetic loci and RAPD .
Comparisons of percentages were used in the case of the %II parameter, They have been cloned in the laboratory, with verification under the while comparisons of means were used in the case of the two other pamicroscope. Information on the laboratory code, host, and geographic rameters. origin of the stocks under survey is given in Table I . This set of 20
Moreover, for each possible pair of stocks (190 pairwise comparistocks is representative of three major clonal lineages of T. cruzi, sons), the absolute difference for the quantified result of each biological numbered 19/20, 32, and 39, according to the coding by Tibayrenc et parameter was evaluated. An overall "biological distance" was calcual. (1986) . Major clones 19, 20, 32, and 39 characterized by 15 enzyme lated as follows. For each biological parameter, the highest value of loci (Tibayrenc et al. 1986) showed limited additional variability with absolute difference in all pairs of stocks was 1. The lowest value was the use of more discriminative markers , as 0. The other values were expressed in percentages of the highest value. expected. They should be considered as families of closely related For each pair of stocks, the overall "biological distance" was given clones rather than actual clones . Moreover, by the arithmetic means of all the values obtained according to this the 19/20 group, formerly distinguished into 19 and 20 natural clones procedure for the three biological parameters under study. This proceon the basis of 15 isoenzyme loci (Tibayrenc et al. 1986) , is less clearly dure gives an equal weight to each biological parameter in the overall separated with more discriminative methods .
biological distance. Correlations between this overall biological disIn the present study, they are plotted together into a unique group of tance, on one hand, and genetic distances measured from either MLEE closely related clonal genotypes, designated 19/20. The three categories or RAPD analysis, on the other hand, were then evaluated with a of clonal genotypes, 19/20, 32, and 39, illustrate different phylogenetic nonparametric Mantel test (Mantel 1967) . Briefly, this test is based on relationships: 32 and 39 are more closely related to each other, while 19/20 is more distantly related to both 32 and 39 (see Fig. 1 ).
a Monte Carlo simulation with 10 4 iterations, which randomly permutes Note. Clonet number, (in parentheses) refers to the major clonal genotypes previously identified by multilocus enzyme electrophoresis with 15 genetic loci . was also strongly significant (Ͻ10 Ϫ4 ). This shows that those stocks that are genetically related to each other tend to behave similarly in T. infestans, which is contrary to those stocks that are genetically distantly related. RESULTS Lastly, the isoenzyme profiles of all the stocks under survey showed no change after passage through the insect vector (data not shown). In the experimental conditions used, it was observed intuitively that the three different clonal genotypes of T. cruzi surveyed here tend to behave differently in T. infestans, i.e., stocks belonging to distinct genotypes of the parasite differ DISCUSSION in their ability to complete the life cycle in the digestive tract of the insect vector. This was fully confirmed by statistical analysis, although the standard deviations of the values recorded were high (see Table II ). All comparison tests be-
The set of stocks under survey represents a convenient sample for testing the hypothesis of linkage between phylotween the three different clonal genotypes based on the reduced deviation statistics were highly significant (P Ͻ genetic diversity of T. cruzi natural clones and a relevant biological property of the parasite, namely its transmissibil-10 Ϫ3 ), except in the case of the comparison between the stocks attributed to the 32 and 39 genotypes for the NFI ity through a major vector species, T. infestans. The results show the same overall pattern from previous studies of our parameter, which showed no significant differences.
The press). First, within each genotype category taken separately,
FIG.
1. An UPGMA (unweighted pair-group method with arithmetic averages) dendrogramme (Sneath and Sokal 1973) depicting the phylogenetic relationships among the 20 Trypanosoma cruzi stocks under study, assayed by 22 isoenzyme loci . Top cluster corresponds to the clonal genotype 19/20, medium cluster corresponds to the clonal genotype 39, and bottom cluster corresponds to the clonal genotype 32 (genotype numbering after Tibayrenc and Ayala 1988) . The scale indicates genetic distances estimated with the index of Jaccard (1908). Table II ). This means (see Table I Table II ). More generally, this study confirms a notable tendency of previous ones (Laurent on one hand and overall biological differences on the other hand. Especially remarkable is the different ability of the et al. 1997; Revollo et al. in press) . By comparison with stocks attributed to clonal genotypes 32 and 39, stocks attribthree clonal genotypes to differentiate into infective metacyclic trypomastigotes, a property that conditions potentially uted to clonal genotype 19/20 (i) grow more quickly in in vitro culture; (ii) differentiate more easily in culture cells; their ability to infect mammalian hosts including humans. Garcia, E. S., and Dvorak, J. A. 1982 . Growth and development of (iii) infect more easily mice, and are more virulent for them; transmission patterns could be modified by the clonal genoMello, C. B., Azambuza, P., Garcia, E. S., and Ratcliffe, N. A. 1996. types present in given areas, as well as the sensitivity of 
